It was more than a hundred years ago that soil evidence was effectively used for criminal investigation. But it was in a fictional literature of Sherlock Holmes series written by Sir Arthur Conan Doyle. At almost the same time Hans Gross of Austria wrote in his Handbook for climinalistics that dirt on shoes probably can tell useful information for criminal investigation, but it did not include any actual case study in which soil could be physical evidence. According to the report by Murray (1), Georg Popp of Germany might be the first scientist who examined soil evidence and led the solution of the murder case in 1904. Recently several interesting articles describing the importance of soil evidence and contribution of geologists to criminal investigation with many historical case studies (1-4). Soil evidence further can contribute to drug intelligence development, for instance, soil taken from containers, ships, or trucks is useful to identify drug shipment pathway (5). Using air photo, satellite imagery enabled to locate underground bunkers which were built to grow cannabis by map interpretation techniques (6).
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This paper is summarizing reports about soil evidence, which have appeared for recent three years since 1998, but some important reports written before 1998 are included. As soil evidence has very close relation with dust and other materials, this paper includes dust, diatoms, pollen and botanical materials.
HANDBOOK AND SAMPLING
Training program of forensic soil examination is needed for examiners who are in charge of soil evidence and crime scene investigators. An adequate handbook for forensic soil examiners was written by Mazurek (9) . It is effectively used for training program in Eastern Europe. Outstanding point of this handbook is that it includes pedological description about soil and those about soil taxonomy without ending up with technological description alone.
Alertness of those who collect samples, and quality and collection is critical to success of forensic soil examination. According to R. Murray's experience, there was a case where 30 soil samples arrive that have been systematically collected but are useless because they do not represent the exact original location of the questioned sample (4). A report written by Munroe (10) is an excellent guideline for forensic soil examination. It is focusing on sampling horizontally and also vertically from soil. These sampling methods are written from the viewpoint of pedology, especially sampling from each soil horizons in soil profile is outstanding. There is also detailed description about sampling from a vehicle. Standard sample section points includes: (1) the exterior of the front bumper and grill; (2) inner surface of the front bumper and grill; (3) all wheel wells and tires; (4) engine compartment including carburetor housing and air filter; (5) rock panels; (6) control arms/A-frames and leaf springs; (7) tops of mufflers and condensers; (8) interior of passenger compartment and trunk; (9) inner and outer surfaces of rear bumper: (10) rain gutter paths and windshield trim, and (11) Q-Tip or gauze swabs on the exterior painted body surface. The author noted these points are not limited, these are just some suggested selection sites for a vehicle and the investigator should make use of any other possible sites of value. This notice can be applied all crime scene investigation. A lot of important things are written there, but the most important concept in sampling is that soil should not be mixed even they locate in the proximate sites, and the texture should be kept unbroken as possible.
UNUSUAL MATTER
Macroscopic observation and low-power stereomicroscopic observation is important at the initial step of forensic soil examination. It will be lucky for examiners if unique particles such as paint chips, fibers with distinctive color, glass fragments can be found both in a questioned soil sample and a control one. The examination can be focused on these unusual matter in soil, and at this step soil is only background of evidence.
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In some articles described interesting cases in which unusual matter could be the key to identify soil evidence and related materials. In a murder case in California, victim's body was dropped at a oil well apron where gravel which was transported from 300 mile south was used. Soil material found in the suspect's car was compared with those around the oil well apron. The questioned sample from the car contained rock fragments which were the same with the imported gravel (1, 4).
Blue thread gave key information in a rape case in Upper Michigan. Three flower pots had been tipped over and spilled on the floor in the struggle. Potting soil on the suspect's shoe was compared with one of those flower pot spillings. Small clipping of blue thread existed both in that flower pot sample and on the shoe of the suspect (1).
In another rape case in New Jersey, that happened at a vacant lot in back of a bar, coal fragments was important. The suspect had soil samples in the cuffs of his pants that were typical glacial sand of northern New Jersey. In addition, the soil contained fragments of clean Pennsylvania anthracite coal. In this sample there was too much coal when compared with samples in the surrounding area. Further investigation showed that some 60 years ago, the vacant lot was the coal pile of a coal burning laundry (1, 2).
A police officer happened to look at a man arrested on a minor crime. He observed "that's the worst case of dandruff I have ever seen." It was not dandruff but diatomaceous earth that compared species-to-species with the insulation materials of a safe that had been ripped the previous day (1, 4).
There was a murder case in Hiroshima, Japan, in which the body of victim, who was a professor of the university, was found in his office with sand on his body. The reason why sand was put on the body was not clear, but the sample collected from sand storage for a sand bath in a laboratory where the suspect was working was compared with that on the body. Cell fragments with unique shape existed both in the sand on the body and that in the sand storage (11).
A woman who lived in Yokohama in Japan killed her husband. She and her daughter carried the body 100 km to the west, and abandoned the body in forest where lava from volcano Mt. Fuji distributed. This lava has distinctive characteristics that are black porous baslt with strong magnetic force and white phenocrysts of bytownite (calcium rich plagioclase). Soil material was collected from floor mat and trunk of suspect's vehicle. In these samples black rock fragments were found. But the area of Yokohama, where the suspect was living, is widely covered with loamy soil developed from thick sediment of fine volcanic ash, and rock does not originally exist. The rock fragments were identified as the lava originated from Mt. Fuji on the basis of the distinctive characteristics (12 In a murder case in Iwate prefecture, Japan, victim's body was buried in a beach. Soil material collected from the suspect's car and sand of the beach were compared. There were unusually significant number of augite both in the evidence from the car and the beach sand. Additionally, most of these augute particles were large (1-2 mm) indomorphic crystals and had distinctive inclusion. These distinctive augite crystals could link the suspect and the victim (13).
SCREENING METHOD
The forensic soil comparison stands on considerable variation among soil. The significance of match between questioned samples and control ones must be interpreted in consideration of the intra-sample variation within questioned samples and control samples. As it is needed to demonstrate the range of local difference of soil for interpretation, the number of soil samples collected for comparison inevitably increase. Simple and rapid screening methods, therefore, are required for successful identification from a large number of soil samples. Color comparison and determination of particle size distribution for soil samples can be carried out quite easily, and the combined data can be quite useful for discriminating among similar samples. Junger (14) has examined discriminating power of air-dried soil color and particle size distribution on soil samples, which had been collected systematically.
Color comparison on air-dried soil alone is insufficient for discrimination of samples. In order to increase discriminating power Sugita and Marumo (15) studied multiple color observation on soil samples. This method composed of color observation on air-dried soil, moistened soil, the soil after decomposition of organic matter using hydrogen peroxide, the soil after removal of iron oxides using sodium dithionite, and the soil ignited at 850 °C in an electric furnace. For the soil after decomposition of organic matter and after removal of iron oxides, finer particle fraction will be preferable color observation. Namely, the surface of dried deposit by centrifuging after these treatments, because it is more homogeneous than the bulk sample. (16, 17) examined the validity of the determination of particle size distribution for forensic soil discrimination. As fur as reproducibility is concerned, wet sieving is preferable, but the procedure which have been proposed for forensic soil comparison is complicated and a lot of water is required for sieving into several particle size classes. To simplify the procedure, wet sieving was used only to separate a fine particle fraction less than 0.05 mm in diameter and a coarser particle fraction using a sieve with a 0.05-mm aperture size. Then dry sieving, which is easier to perform, was applied to the coarser particle fraction. Generally, particle size was divided into four to nine classes. But when particle size classes with narrow ranges were used for small amount of soil samples, reproducibility came to decrease. In order to obtain better reproducibility and to achieve high discriminating power, the particle size classes were reduced to three: <0.05, 0.05-0.2, and 0.2-2 mm. Discriminating power examined using 73 soil samples collected systematically on the basis of a geologic map and a topography map. Among all the pair of samples, 88% could be discriminated by this sieving method. Additionally, a particle size distribution in the fine particle fraction (<0.05 mm) was determined using particle size analyzer, Horiba model CAP A-300. However, it did not show such remarkable discriminating power; nearly 40 % of pairs of samples remained indistinguishable. Application of particle size analysis together with the multiple color measurement could significantly raise discriminating power, resulting in only 0.5 % of sample pairs being indistinguishable. The addition of particle size analysis of the fine particle fraction does not greatly improve discriminating power.
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Coarse particle examination with a binocular microscope is under studying as one of the screening methods. Application of a scanning electron microscope equipped with an energy dispersive x-ray spectrometer (SEM-EDX) to mineralogical examination is the most prospective approach for the future. McVicar and Graves (20) developed a particle search and analysis technique using an automated SEM-EDX system. The first key point of this method is how sand particles can be separately arranged on an adhesive tape placed on a stub (a sample holder of SEM), because SEM regards two or more adjacent particles as single particle. The taped surface of the stub was pressed firmly onto the bottom surface of a 150 mesh stainless steel sieve. Sample particles were poured onto the grid atop the center of the stub, forming a small mound of sample particles. The sieve was gently tapped and rotated to distribute the particles onto the exposed adhesive patches between the grid wires. After particles were firmly presses into the adhesive, the stub was removed from the grid. This particle placement allowed the examination of more than five thousand particles per one inch diameter stub. The "Zeppelin" software was used in two steps. First, percentage compositions of elements were recorded and then mineral particles were classified. Each particles are identified according to the mineral classification rules which had been build up beforehand on the basis of analysis on known minerals by this method. Even though results of identification by this method were not necessarily correspond to those by optical examination, sand particles could be identified with the precision of <10% (CV) for components more than 5% in soil. Based on differences in composition, as measured by means of Chi-Square test, the four soil samples of the same color from different locations in the Province of Ontario were clearly discriminated.
DENSITY GRADIENT DISTRIBUTION

An improved density gradient technique was reported by Petraco (18)
.
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There was another interesting report by Sungwoo Park and co-workers (21) about evaluation of mineralogical composition in soil samples. It was an attempt to application of image processing to pictures taken on sand particles under a polarized microscope. Color distribution calculated from the picture was subjected to soil comparison. It does not completely correspond to mineralogical composition, but it can provide useful information of sand fraction of soil to forensic soil identification. They also reported the use of SEM-EDX.
CLAY MINERALS
Since clay minerals are secondary produced in soil pedon from parent materials during soil forming process, clay mineralogical composition reflects pedogenic variation in addition to that of parent materials such as sediment and metamorphic rocks. Clay minerals are so small that optical microscopy can not be applied. X-ray diffraction (XRD), transmittance electron microscopy (TEM), differential thermal analysis or infrared spectroscopy is used for identification of clay minerals.
McAlister and Smith (22) proposed a rapid preparation technique for XRD analysis of clay minerals. As crystals of most clay minerals have platy structure, basal spacings have to be recorded by XRD. For this purpose orientation of clay minerals is needed. Sedimentation of clay suspension onto glass slides, suction onto unglazed ceramic tiles, smearing clay pastes onto glass slides, and suction onto membrane filters have utilized to prepare oriented clay mounts. However, each of these techniques is known to have drawbacks. They proposed a refined technique, whereby clay suspensions were precipitated onto membrane filter discs under pressure given by syringe injection. The membranes were dried and mounted using a water-soluble polyvinyl alcohol adhesive onto glass slides, and subjected to XRD. Solvation of the clay could also be carried out by placing one drop of ethylene glycol at the center of these mounts and leaving to disperse throughout the specimen layers. The strength of this technique is that it can reduce preparation time and enhance detection of clay minerals presenting in low concentrations in samples. Omelyanyuk and co-workers (27) proposed a multisubstrate testing method (MT) for forensic soil comparison, as traditional method of microflora investigation is rather complicated because separation of pure cultures is needed. MT was based on complete functional characterization of complex natural microbial communities using intensity of assimilation of different sources of organic carbon while observing the change of color of tetrazolium salt. In this method 11 carbon sources was used: loctose, acetate, sodium, arabinose, lysine, serine, valine, cysteine, thymidine, sorbitol, starch and tween. Soil samples were extracted in water by sonic treatment for 30 sec. The water suspensions were put into microtiter plate with a set of substrates (11 types) and tetrazolium violet as an indicator of growth microorganisms. Incubation was carried out over 72 h at 27 °C. Change of color was observed and recorded using microplate scanner attached to the MT-system. This method was effectively applied to actual case study.
Righi and Elsass
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Microscopically, soil is heterogeneous mixture consist of organic matter, rock fragments, mineral grains, clay, oxides etc. Therefore unique particles can be of important to characterize soil evidence. A small crumb is much more important, and bulk analysis frequently gives poor results for forensic soil examination (28). Some particular fractions of soil can be useful for forensic soil discrimination rather than the bulk analysis. Some analytical methods such as x-ray fluorescence spectrometric analysis of free oxides, high performance liquid chromatographic analysis of polycyclic aromatic hydrocarbons had been proposed. (29) 
Recently, Cave and Wragg
POLLEN AND OTHER BOTANICAL MATERIALS
Forensic interest in soil evidence is to establish the link between two objects including a suspect, a victim, a crime scene, and often a tool or a vehicle. Therefore, what criminal investigation requires to forensic pollen analysis is to establish presence or absence of localized pollen species in soil evidence. For this purpose, generally insect pollinated species can provide useful information. These pollen usually remain near the site of deposition of their flowers, while wind pollinated species disperse long distance and distribute over extensive area, though they can provide negative result by the presence and absence that two samples have not originated from the same site. Useful protocol was provided by Eyring (31), in which some modifications of traditional method were made. The author was describing detailed procedure of pollen specimen preparation for microscopic observation:
Cleaning up: All apparatus should be well cleaned, to avoid sample contamination, and free of surface films that might hold small particles. Sample disruption: Materials that are agglomerated with the pollen should be disrupted. Soaking followed by gently stirring with a small amount of density separation liquid suffices to separate the pollen. Occasionally, a bit of ultrasonic agitation will be helpful. Soil size fraction: Pollen is generally less than 100 µm in diameter. A sieve with openings of 250 µm is adequate for pollen search and can reduce the volume of sample. Gruspier and Pollanen (39) also reported application of the diatom test to limbs in dismembered cases. In all these cases diatoms were recovered from marrow extracts, indicating that drowning was the cause of death or at least a significant contributing factor in the cause of death and dismembering happened after the death. The group with the largest particles is the char fragments, which are carbonized wood or cellulosic materials ranging from micrometers to millimeters often retaining some of the features of the original materials.
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Caution when the
Carbon cenospheres are hard shiny, porous or hollow carbon spheres, typically of 10-100 µm and are formed when liquid drops undergo carbonization without substantial change in shape.
The smallest soot particles are formed through the deposition from the gas phase. These particles are spherical or near-spherical with mean diameters around 20 to 30 nm. They adhere to each other to form straight or branched chains, and designated as aciniform.
A fourth group of particles consists of material composed of microscopic entities in which spheroidal carbon particles of colloidal dimensions embedded in carbon or carbonaceous material. This category was designated as carbonaceous microgel.
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